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PIELD OF THE INVENTION 

The present invention ralatee to dastaraosdectiv* process** for preparing optically active ds.nud*ceide* 
and nucleoside analogue* and derivative*. Th novel processes of thia invention allow the a tereo- controlled 
syntheala of a given .nantiomer of a deairad da-nudeoalde or nudeoalda analogue or derivative in high optical 
purity. Thia invention aleo relate* to novel intermediate* useful in the procoaaea of thia invention. 

BACKGROUND OF THE INVENTION 

Nucleosides and their analogue* and derivativea are an important daaa of therapeutic agenta. For exam- 
ple a number of nudeoaidea have shown antiviral activity againat retroviruses such as human immunodefi- 
ciency viiua (HIV), hepatiti* B virua (HBV) and human T-lymphobopic virae (HTLV) (PCT publication WO 
89/0466Zand European Patent publlceiion 0349242 A2). Among the nudeoaidea shown to have antiviral ac- 
tivity are 3^azido-3*-deoxythymidine (AZT) and 2'3'-dldeoxycytldine (DOC). 

Moat nudeoaidea and nudeoalda analogues and derivativea contain at least two chlraJ centers (shown as 
. in formula (A)), and axiat in the form of two pair* of optical iaomera <Le.. two in the da-configuration and two 
in the Iran*- configuration). However, generally only the da- isomers exhibit uaefui bidogical activity. 



0 purtneorpyrftnMlnebaee 



(A) 



Different enantiomeric forma of the same da-nudaoaide W*^'*™ 9 "" TS^^H 
MM Mansurl at at. "Preparation of The Geometric Iaomera Of DOC DDA. D4C and D4T toP°*r**to«- 
HIV Ag!^-. BIcxxo.Med.Chem.Lett, 1 (1). pp. 6648 (1991). Ther^gen-w and 
stereoselective aymheaia of the •n.nttomera of the biologieaJly active cfe-nudeoaidea la an 'mportartapeL 

^Zy of me^nown proceese. for producing optically active nud-^ Idea and d,.lr 
tiva. modify nafcraly occurring (..... optic** active) nudeoeldee by altertnq the baae or by attering j» auga, 
via reductive procedure, such as deoxygenation or radical initiated reduction.. Cjt Cbu at si «l Syn- 
thesis Of Z .3'-Dldeoxynucleosides And 2'.3^DWehydn>2'.3'-Oldeo^nudeaj^ : ^^ PP. 
2217-222S (1989). Theee transformations involve multiple step*, including protection and deprotection and 
usually re^t in low vielda. Moreover 

Thua ma nudeoalda* produced by these procoaae. are limited to spedflc 

of the naturally occurring nudeoaide. In addition, theee procedures require the availablfty of the naturally oc- 
curring nudeoaide. often an expensive starting material ^^w, „ 

tther Known proceeeea for producing optically active nudeoaidea rely <* convention* 9^Urtton, *o- 
ceduXa to add the sugar to the baae. Theee procedure* invariably give anomertc morturea of aa-«nd n» 
££. r^Zriloua operation and result in lower ytefo. of th. deeired biologic*, yjjctiv. de-nu- 
decide, .ma«veo glyoo.yl.tion methoda designed to yield only tit, ^^^J^^^" 
3'.substrtuent to the sugar. Because the r- or 3'-.ubatituent . orjy jjeefU [^^^J^S!lSZ- 
theaie in one configuration (whon the 2- or 9 substttuent is trana-to the * Mta*™* ^^tSlSS 
quirad to introduce thl. aubtfftuent In th. proper configuration. ^^l^^^^l^^Zt^- 
after glyooaylation. requiring addition, step* L Wlaon and D ^££T£ "T^X SSwSflSS 
aochemistry In The Synthesis Of 2--Deoxyribose Nudeoaidea-. Tetrahedron Lett. . ^ J^ 8 ^ 1 ^^ 
Furthermore, to obtain an optically pur. nudeoaide product the starting sugar must be optical V P«. Thia also 
requires a series of time-consuming ayntheeee and purification atop*. 

SUMMARY OF THE INVENTION 

Th. present invention overcomes til. difficulties and shortcomings of «» «" T**" 
tor produdng opticaUy activ. ds-nudeotidea and nudeoaide analoguea and denvabvea of fonnula (I) 
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XT 



wherein W is O, S, S-O. SO* NZ. or Crfc 

X is O. S. S=0. SO* NZ, CHj CHF. CH, CHN 3 . or CHOH; 
Y is O, S, CH 2 , CH, CHF, or CHOH; 
Z is hydrogen, hydroxy!, alky! or acyi. 
R 1 Is hydrogen or acyi; and 

R 2 is a purine or pyrimidine base or an analogue or derivative thereof; 
provided that when Y is CH 2 and X is 0. S, S-0 or SO* W is not 0, S. S-0 or SO* 

The processes of this invention comprise the step of glycosylating a desired purine or pyrimidine base or 
analogue or derivative thereof with a single enantlomer of the compound of formula (II) 



(II) 



wherein R, is a substituted cerbonyt or cartoonyi derivative and L is a leaving group. Glyoosylatlon ia accoro- 
pliahad using a Lewie add of the formula (III) 



R3 - Si - R 8 (III) 
*7 

wherein R* R,. R 7 . and R, are defined below end the resulting intermediate ia reduced to give a nudeoekJe or 

nucleoside analogue or derivative of fonnula (1). 

The processes of this invention have the advantages of allowing preparation of a nucleoside of fonnula (I) 
(or analogues or derivatives thereof) without using expensive starting materials, cumbersome protection and 
dejxotection steps or addition and removal of t- or 3'-subs«uenta. The processes of this invention produce 
nucleosides in high yields, with high purity and high optical specHWty. The processee of this Inventionhave 
the fJ(ner advantage of generating nucleosides whoee atareoiaomeric configuration can be eaaly controlled 
almply by the aelectlon of the appropriate atarting materlala. 

DETAILED DESCRIPTION OF THE INVENTION 

In the processes tor preparing optically active compounds of this invention in e configuration**- and dla- 
atereo-eetectfve manner, the following definitiona are used: 

R, ia a purine or pyrimidine baae or an analogue or derivative thereof. 

A purine or pyrimidine base ia a purine or pyrimidine base found In naturally occurring ™?™«^**™[ 
logue thereof la a baae which mimics such naturally occurring bases in that their structures (theklndsof atoms 
and their arrangement) are aimlar to the naturally occurring base, but may either 
certain of the functional properties of the naturally occurring bases. Such analogues Induce those derived* 
replacement of a CH moiety by a nitrogen atom, e.g., 5-azapyrimidlnee such aa 5-azacytoame) or *««v«*a 
(e.g. 7-deazapurtnea. such aa 7-deazaadenine or 7-deazaguanine) or botii (e.g 7-deaza. top««^ 
derivativea of such baaee or analogues are meant those bases wherein ring substituenta m J^ ma ^ 
rated, remov d. or modified by conventional substituenta known in the art, e.g.. halogen, Jnf*wryO ammo 
ClJ . alkyl. Such purine or pyrimidine bases, analogues and derivativea are well known to those sklied In the 

A -nucleoside analogue or derivative- la a nudeoaid which has bean modified In any ofthe ^Mtoartng l or 
combinationa of th folowing ways: base modrficatione. such aa addition of a aubabtuent (e.g., 5-fluorecytoe.ne) 
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or replacement of one group by an iaoatorlc group (e.g., 7-deazaad nine); sugar modification*, such aa sub- 
stitution of the C-2 and C-3 hydroxy* groups by any substitu nt including hydrogen (e.g., 2',3'-dWeoxynucieo- 
sides), replacement of any ring CH group or the ring oxygen with a heteroatom; alteration of the site of attach- 
ment of the sugar to the base ( .g., pyrimidine bases usually attached to the sugar at the N-1 sit may be, for 
5 exampla, attached at the N-3 or C-6 site and purines usually attached at th N-9 site may be. for example, 
attached at N-7); alteration of the site of attachment of the base to the sugar (e.g.. the base may be attached 
to the sugar at C-2, such as iao-DDA); or alteration of configuration of the sugar-base linkage (e.g.. as or trans 
configurations). 

R 3 is a carbonyl substituted with hydrogen, hydroxyl. trialkyiaiyl. trlaikyisiloxy. C^alkyl, C T ,»aralky, Cm 
io alkoxy. d-jo amine (primary, secondary or tertiary). d_» thiol; C«_» aryl; C,^, alkenyl; C,.» aJkynyt; 1 ,2-di- 
carbonyl, such as 

0 O 

1 I 

18 CH 3 -C-C- 
substituted with C,^ alkyi or C*.» aryl; anyhdridea such aa 



0 O 

1 I 

CH 3 -C-0-C- 



substituted with C 1-e alkyi or C*.» aryl; azomethlne substituted at nitrogen with hydrogen, Cvw alkyl or C,_ 10 
alkoxy or d-, 0 diaikytamJno or at carbon with hydrogen. C,-ao alkyl. or C,-» alkoxy. thtocarbonyt (C*S) subs* 
tuted with hydroxy*, C 140 aJkoxy , or thiol; a homoiogue of carbonyl, e.g., 



a homoiogue of thlocarbonyl, e.g., 



V 



or a homoiogue of azomethlne, such aa 



O 
I 

-CCH a -/ 



s 
I 

-CCH 2 -; 



N- 
1 

-CCH 2 -. 



The prefetred substituted carbonyl/carbonyt derivatives are alkoxycarborryta, such aa methyl, ethyl, iso- 
propyt. t- butyl and menthyi; carboxyls: dlethyi-carboxamlde; pyrrolidine amide; methyl ketone and phenyl ke- 
tone. The more preferred substituted carbonyl/caibonyl derivatives are esters and carboxyls and the moat pre- 

fenr^are^esters. ^ ^ auxjliary . deacriba8 asymmetric molecules that are used to effect 

the chemical resolution of a racemic mixture. Such chlral auxiliaries may poeaesa one chlral center such aa 
methyibenzylamin or several chin) centere such aa menthol. The purpose of the chirel auxiliary, once built 
intothestartin fl material.iatoallow8impleaeparatlonoflh resulting diaatweomeric mixture. '^""^J*/ 
J. Jacquea et al.. Enantiomera. Rac -natee And Resolutions, pp. 251-369. John Wil y ft Sona. New Yortc 
(1981). 
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Re. Re and R 7 ara independently selected from tha group consisting of hydrogen, C-» alkyl (e.g., m thyt, 
ethyl, t-butyi). ptionally substituted by halogens (F, CI. Br, I), C,_t aJkoxy ( .g..methoxy)or CV»aryloxy (e.g., 
phenoxy);Cr.»araikyl( ,g.. benzyl). ptioneHy substituted by halogen. C,.» alkyl or d.* alkoxy ( .g..p-me- 
th xyb nzyO;e«aiyl(e.g.. phenyl), optionally substi^ 

halogens (F. CI. Br, I). . 

R, is selected from the group consisting of halogen (F, CI, Br. I); Cm sulphonate eaten, optionally sub- 
stituted by halogens (e.g.. trifluoromethane sulphonate); C,.» a**", optionally substituted by halogen 
(eg, trifhioroecetate); polyvelent helidee (e.g.. tritodide); trisubetltuted silyl groups of the general formula 
(FU)(R,)(R,)SI (wherein R* R,. and R, are ae defined above): saturated or unsaturated selenenyl <V» aryl: 
substituted or unaubstituted C*. x erytsulfenyl: substituted or unaubstituted C,.jo elkoxyelkyl; end trial kyisloxy. 

Lisa leaving group", i.e., an atom or a group which is diepieceable upon reaction with an appropriate purine 
or pyrimidlne base, with or without the presence of a Lewis acid. Suitable leeving groups include ecyloxy groupe, 
alkoxy groups. e.g.. alkoxy cartonyl groupe such as ethoxy carbonyl; halopena such as todlne. bromine, chlor- 
ine or fluorine; amido; azido; iaocyanato; aubatitutad or unaubstituted. aaturatad or unsaturated thiolatee. such 
as thiomethyl or thtophenyl; substituted or unaubstituted. saturated or unsaturated eeieno. selenlnyl. or sele- 
nonyl compounda. such aa phenyl selenide or ascyi selenlde. 

A suitable leeving group may also ba -OR, where Rise substituted or unaubstituted. saturated or unsatu- 
rated alkyl group, e.g.. C, alkyl or alkanyl group; a substituted or unsubstituted aliphatic or aromatic acyl group, 
e.g., a c,_, aliphatic acyl group such aa acetyl end e substituted or unaubstituted aromatic acyl group such ae 
benzoyl- a substituted or unaubstituted. saturated or unsaturated alkoxy or aryloxy carbonyl group, such aa me- 
thyl carbonate end phenyl carbonate; substituted or unsubstituted sulphonyl imidazoitde; substituted or uneub- 
stituted aliphatic or aromatic amino carbonyl group, such ae phenyl carbamate; substituted or unsubstituted 
alkyl imidiate group such aa trichloroacetamidate; substituted or unsubstituted. aaturatad or unsaturated phoe- 
phonete, such as diethylphoephonete; substituted or unsubstituted aliphatic or aromatic aulphinyl or sulphonyl 
group, such aa toaylate; or hydrogen. 

Aa uaed in this application, the term "alkyl" represents a substituted (by a halogen, hydroxy! or CV» aryi) 
or unsubstituted straight chain, branched chain, or cyclic hydroearoon moiety having 1 to 30 carton atoms snd 
preferably, from 1 to 8 carton atoma. 

The terms 'alksnyl' and 'alkynyl' represent substituted (by a halogen, hydroxy! or C« aivt) or unsubsti- 
tuted straight, branched or cyclic hydrocarbon chains having 1 to 20 carton atoms and preferably from 1 to 5 
cartoon atoms and containing at least ons unsaturated group (e.g., ally!). 

The term 'alkoxy* repreeenta a substituted or unsubstituted alkyl group containing from 1 to 30 carton 
atoma and preferably from 1 to 6 carton atoma. wherein the akyt group is covalentty bonded to an adjacent 
element through an oxygen atom (e.g.. methoxy end ethoxy). 

The term 'amine' represents alkyl. aryl. alkanyl. alkynyt. or aralkyt groupe contammg from 1 to 30 carton 
atoma and preferably 1 to 12 cartoon atoms, covalensy bonded to en adjacent element through e nitrogen etom 
(e.g.,pyrrolidine). They include primary, secondary and tertiary amines and quaternary ammon^aalta. 

T|e term thiol' repreeenta alkyl. aryl. arelkyl. slkenyi or elkynyl groupe containing from I to 3C I cartoh 
atoms\nd preferably from 1 to 8 carton stoma, covslsntty bonded to sn adjacent element through a aulfur atom 

(6 ' 9 Ths^em^- repreeenta a cartocydlc moiety which may be substituted by at least one hetaroatom (e.g.. 
N. 0. or S) and containing at leaat one benzenoid-type ring and preferably containing from 6 to 1S carton atoma 
(e.g.. phenyl and naphthyt). 

The term 'aralkyl' repreeenta an aryl group attached to the adjacent atom by an alkyl (e.g.. benzyl). 

The term 'elkoxyelkyl" repreeenta an alkoxy group attached to the adjacent group by an alkyl group (e.g.. 

^^snXvtaxy- repreeenta a substituted (by e halogen, trffluororoethyt or C,-. <* uneubettuted 
aryl moiety covalently bonded through an oxygen atom (e.g., phenoxy). ._ _ 

The term 'acyl' refers to a radical derhred from a carboxyiic add. substi^(by .h^^(F CNBr I). 
C^ s aryl orC,^ alkyl) or unsubstituted. by replacement of the -OH group. L*e the acxl to wheh * » relate* 
an acyl radical may be aliphatic or aromatic substituted (by a halogen. C,_, alkoxyalkyt. nitre or O or unaub- 
stituted. and whatever the structure of the rest of the molecule may be. the 

remain essentially the same (e.g.. acetyl, piopionyl. isobutanoyl. pivaloyl. hexanoyl. tnfluoreacetyl. chloroace- 

* TwXZT* process* of this inventton I, the use of a substituted cartonyl or ^ny|derivativ 
„R,in.»adofaprotoctadhydroxyTn^ 
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15 



cartoonyt or carbon yl dertvativ is not cleaved by exposure to a Lewis add. as wouW have been expected by 
on of skill in the art when a Lewis add of formula (III) m added to a mbrture of tiytsted purine or pyrimidlne 
base and the sugar compound of formula (II). Instead, th substituted carbonyi/carbonyl derivative in the inter- 
mediate of formula (VI) forces the purin or pyrimJdine base (RJ to add in the cis-configuration relative to the 
substituted carbonyi/carbonyi dertvatrv group. Without a substituted carbonyi or carbonyl derivative attached 
to OA' (for example, when e hydroxymethyi group is instead used), the coupling procedures described in Step 
4 below will result in a mixture of cis- and trans- isomers. 

Another key feature of the processes of this invention is the choice of Lewis acid The Lewis acids used 
in the preparation of compounds of formula (I) have the general formula (III) 

R 6 

I 

Re - Si - R 

R 7 



wherein R* R* R 7 and R« are as defined previously. These Lewis acids may be generated in situ or prepared 
using any method known intheert (e.g., A.H. Schmidt ^romosimethylsilane and lodotrimethylsilane-Versatile 
20 Reagents for Organic Synthesis', AJdrtchlmica Acta, 14, pp. 31-38 (1981). The preferred Lewis acids of this 
invention are iodommethylailane and trimethytalyi trfflate. The preferred R* R, and R 7 groups are methyl or 
iodine. The most preferred R* R« and R 7 group is methyl. The preferred R« groups are iodine, chlorine, bromine 
or sulphonate esters. Trie moat preferred R« groups are iodine and trffluoromethane eulphonate. 
In the preferred process of this invention, da- and tra/w-isomers of a sugar of fortrsJe (II) 




(II) 



are separated by fractional crystallization and the desired corrflgurational isomer selected. The selected c*s- 
or the trana-isomer may then be chemically resolved using a chiral auxiliary. The pure chirai auxiiary-sugar 
diastereomer is then coupled to a slyleted purine or pyrimidlne bsse in the presence of e Lewis acid to afford 
3$ an optically active nudeoside of cis- configuration which is subsequently reduced to give e nudeoslds of for- 
mula (I). 

Schemes 1 A and 1 B depict this preferred process ae applied to any nudacaide of formula (I). 
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SCHEME 1A 



*- v (no V* _ \J 
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o (TRANS) 
«.-< T (CIS) ♦ ^ > L 

(+) CHJRAL AUXILIARY \^ (•) CHIRAL AUXILIARY 
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2S 



j 



55 



7 



EP0S1S1MA1 



SCHEME IB 

(IV) * (V) x- v 



W^.-L ™ w (TRANS) 

— \ T cos) ♦ >t' 



WCHIRAL AUXILIARY/- \ (•) CHIRAL AUXILIARY 

S7CP3 

«.* \-' T 

x— v 

\. I STSP4 | 

x— v 



The various steps as Illustrated In Sen mes 1 A and 1B may be briefly described as folows: 
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Step 1: The starting carbonyi-eugar of formula (IV) can be pre pared by any method known in the ait 
E.g.. Farina and Benigni, 'A New Syntheaie Of 2.3 , -DWeoxy-nudeosJdea For Aide Chemotherapy'. Tetrahedron 
Letters, 29, pp. 1239-1242 (1988) and M. Okabe at al. ^yrrthesis Of The Oidaoxynudaoaid a ddC and CNT 
From Glutamic Acid, Ribonolacton and Pyrimidine Baaea", J. Org. Cham. . 53, pp. 4780-4788 (1988). The car- 

5 bonyl group of thte starting compound is reduced chem ©selectively with a suitable reducing agent such as dis- 
iamylborane to give the da- and trane-ieomere of formula (V). Ordinarily, lesa da-isomer is produced than trans. 

Step 2: The hydroxy! group in the intermediate of formula (V) ia readiy converted to a leaving group by 
any method known in the art (e.g., T.W. Greene Protective Grouoa In Organic Synthesis, pp. 50-72, John Wiley 
& Sons, New York (1981)) to give the novel intermediates of formula (II). 

10 This anomaric mixture is than separated by fractional crystallization into the two configuration^ isomers. 

The solvent may be adjusted to select for either the da- or (ra/is-isomer. D.J. Pasto and C.R. Johnson, Organic 
Structure Determination, pp. 7-10, Prentice-Hall. Inc. New Jersey (1989). 

Step 3: Either the (Scheme 1A) or trans- isomer (Scheme 1B)of formula (II) ia chemically resolved using 
a chiral auxiliary (R4). A suitable chiral auxilary '0 one of high optical purity and where the mirror image is readily 

15 available, such as d-and l-menthol. The resulting dlast e ceomer a of formula (VI) are easily separated by free 
tional crystallization. Alternatively, either the c»- or the trana-iaomer may be resolved enzymatically or by other 
methods known in the art J. Jacquea et al.. Enanttomera. Rs csmatea And Reaokitiona. pp. 251 -369. John Wley 
&Sona, New York (1981). 

The optical purity of the dlaatareomer (VI, VI or I) can be determined by chiral HPLC methods, specific 
20 rotation measurements and NMR techniques. If the opposite enantiomer ia desired, it may be obtained by using 
the mirror Image of the chiral auxilary Initially employed. For example. If the chiral auxilary d-rnenthol produces 
a (+)-enantiomer nudeoaide, its mirror image, l-menthol, wil produce the (-)-enanttomer. 

Step 4: A previously siiylated (or siryiated in situ) purine or pyrimidine base or analogue or derivative thereof 
is then glycosylated with the resulting pure dlastereomer in the presence of a Lewie acid of formula (III), such 
25 as iodotrimethylailane (TMSI) or trlmethylailyl Inflate (TMSOTf), to give e nudeoaide of ds<orrflguration of for- 
mula (VII). This nucleoside to optically active and la substantially free of the corresponding f/ane-laomer (I.e., 
it contains no more than 25%, preferably no more than 10% and more preferably no more than 6% onho ows- 
isomer). Coupling of the intermediate of formula (VI) to the purine or pyrimidine base in this step proceeds in 
higher yields with the era-isomer. 
30 The preferred eByiating agent for pynmidlne baaea ia t-butyldimethylsiyl trtflats. It is believed that the bulky 
t-butyl group increases yields by weakening the interaction between the Lewis add and siryiated pyrimidine 



The preferred method of mixing reagents in Step 4 ia to first add the chiral auxiliary-sugar of formula (VI) 
to the aiylated purine or pyrimidine base. The Lewie acid of formula (III) la then added to the mixture. 

Step 5: The ds-nudeoaide obtained In Step 4 mey then be reduced with an appropriate reducing agent to 
remove the chiral auxiiary and give a.epeclflc stereoisomer of formula (I). The absolute configuration of thie 
stereoisomer corresponds to that of the nudeoaide intermediate of formula (VII). Aa shown in Scheme 1 , either 
the da- (Scheme 1A) or the trana-ieornera (Scheme 1B) obtained in Step 2 wil yield a as end product 

' A second process for the diestereoeelective syntheaie of compounds of formula (I) is illustrated by Scheme 
2. The\ptocess of Scheme 2 ia uaefol when optically pure atarting material may be readily obtained commercially 
or easily prepared by known methods. 

The optically active atarting material ia chemoeelectivery reduced and the resulting hydroxy! group con- 
verted to a leaving g/oup. The diastereomeric mixture may be carried on further to compounds of formula (I) 
in a manner analogous to that described in Scheme 1. Optionally, the diaatereorneric mixture may be separated 
by fractional crystalization and each isolated optically active diaaterecmer may be carried on further to com- 
pounds of formula (I). 

Scheme 2 depicts the second process of this invention as applied to any nudeoaide. 
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SCHBffi I 



"•V 



\— / (IV) 



STEP 



^^ Ws y^ w (V) ^v^V^ 0 " 

X Y + X V 

STEP 2 | 



STEP 



•j 



V 



x — v ' oni) 



STEP 4 



— / (D 

The various steps involved in the synthesis of the nud oeides of fonnula (I) as depicted in Scheme 2 may 

be briefly described as fblows: 

Step 1: The starting material of formula (IV) may be obtained commercially in opscaNy pure torpor pre- 
pered according to the pmcsdure. of Fsrin. and Benign). 'A New Synthesis Of ZS'-Oideoxy^deosMjee For 

10 
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Aids Chemotherapy", Tetrahedron Letters, » PP- 1239-1242 (1988) tnd M. Okabe et al. 'Synthesis Of The 
DkJecxynudeoeid s ddC and CNT From Glutamic Acid, Ribondectone and Pyrimidlne Bases", 1 Org. Cham. 
53. pp. 4780-4786 (1988). The single Isomer of formula (IV) la chemosetectrvely reduced by a suitable reducing 
agent such as dlslamyiborane to give a mixture of two dlasterecmers of formula (V). 

Step Z The hydroxy! groups of the two diastereomers of formula (V) are oonv rted to leaving groupa by 
any method known In the art to give a mixture of two diastereomers of formula (II). 

Step 3: The diastareomenc mixture of formula (II) ia reacted with previously silytated (or sitylated in situ) 
purine or pyrimkJine base or analogue or derivative. Then, addition of a Lewie acid of formula (III), such as io- 
dotrimethylsilane (TMSI) or trimethylsilyl Mate (TMSOTf) yields a nudeoside of cis-configuration of formula 
(VIII). This nucleoside ta substantiely free of the corresponding trane-isomer. 

Step 4: The optically active cfc-nudeoslde of formula (vlll) Is reduced atereoapecfflcally with a redudng 
agent preferably lithium triethylborohydride or lithium aluminum hydride and more preferably sodium borohydr- 
ide in an appropriate solvent such aa tetrahydrofuran or diethyl ether to give the compound of formula (I). 

Alternatively, at the end of Step 2. either the c^or the fjana-toorner may be separated out of the dlaeter- 
eomeric mixture of formula (II) by fractional crystallization or chromatography. The solvent may be adjusted to 
select for either the a* or the tmne-isomer. The sintf e dieatereomer of formula (II) would then be carried for- 
ward as described In Steps 3 and 4 to a compound of formula (I). 

Schemes 3. 4 and 5 ilustrate the application of the proceaa of Scheme 2 to the syntheeie of the enantiomers 

of cfc^ideoxynudeoaide analogue*. ^ 

'Although the proceaa Is Illustrated using specific reagents and starting materiale. It wil be appreciated by 
one of skill in the art that suitable analogous reactants and starting materials may be used to prepare analogous 
compounds. 
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STEP 1 
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1 



STEP 2 | 
M O « 0 



STEP3 



X 



(xn) 



j 



STEP 4 i 



XT 



(xni) 



The various stops illustrated In Scheme 3 may bo briefly described as follows: 
Step 1: Th starting material (2R)-5^xo-2-tetrahydrofuran earooxylic acid (IX) is awa.lable from com- 
mercial sources or by synthesis from Glutamic add M. Ok.be et at ^^OTJa DW^ynudec*des 
ddC and CNT From Glutamic Acid. Ribonc-4actone and Pyrimidine Bases*. J. Org. Chem, 53. pp. 4780-4788 
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(1 988). The starting material is eaterified with an alcohol such at ethanol in the preeence of an acyiating agent 
such as oxdyi chloride and an esterifteation catalyst such aa ^mathylamino-pyrimidlna and a baaa such aa 
pyridine in a compatible solvent such aa dlchloromethane. Th estartfied compound is reAjced with an appro- 
priate reducing agent such as diai*nyiborane in a compatible organic solvent, such aa tetrahydrofuran (A. Pe^ 
5 tor et al 'Borane Reagents", Academic Presa, p. 426 (1988)), to give the compounds of formula (X). 

Step Z The compounde of formula (X) is reacted with an add chloride or acid anhydride, such as acetic 
anhydride, in the presence of pyridine and an acylatton catalyst such aa 4^imethy»aminopyrimidine, to give 
the com pounds of formula (XI). 

Step 3* The mixture of cfc- and tra/w-acetoxy compound of formula (XI) is reacted with 5-fluorocytoaine or 
io other pyrimidine base or analogue thereof. The purine or pyrimidine base or analogue * preferably silated with 
hexamethyldiaiazane or more preferably aiylated in situ with t-butytdimethylaiyt trtflate in a compartwe organic 
solvent, such as dichloromethene containing a hindered baaa, preferably 2,4,6-cdlidine. ^ 

A Lewla acid. preferably one derived from the compounds of formula (III), more preferably lodotrimethyisK 
lane or trimethyi-eilyl triflate, ia then added to give the da compound of formula (XII) In a highly diaetereoee. 

15 leCt Sto^T^ optically active de-nudeoaide (with some trmt* isomer) of formula (XII) ia reduced stereospe- 
cificaly with a redudng agent preferably sodium borohydride in an appropriate soivent, such as ethanoi to grve. 

after purification, ths compound of formula (XIII). 

It wil be appredated by one of skill in the art that if the enantJomer of formula (XIII) is desred, the starting 

20 material of formula (IX) would be (2SV5^xo-2.tetrahydrofuran carboxyllc add (Scheme 4) and the r™ 
would proceed Just aa described for Scheme 3. 
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(XV) 



Th various steps iluatrated in Scheme 5 may be briefly described as *>flow* a . 
Step 1: Th starting material (2R)-5-oxo-2-tetnihydiofuran carbeotyiteaal (IX) 
cohol such a, ethanoi in the presence of an acylating ag ntsuchasowlyichlorid and an eateriflcabon catalyst 
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such at ^dlmetftyUrWno-pyTidimin and a baa such as pyridine in a compatible solvent such as dichtorome- 
thane. Th esterifled compound ia reduced with an appropriate reducing agent such aa disiamylboran in a 
compatible organic solvent such as tetrahvdrofuran to give the compounda of formiJa (X). 

Step 2 The compounds of formula (X) la reacted with an add chloride or acid anhydride, such as acetic 
anhydride. In the presence of pyridine and an acytatton catalyst such as 4^1lmemy1aminopyi1mldlne, to glv 
the compounds of fonrmia (XI). 

Step 3: The mixture of c*s- and trene-acetoxy compound of formula (XI) is reacted with N-acetyf cytosine 
or other pyrlmldlne base or analogue thereof. The purine or pyrimldlne base or analogue la preferably slated 
with hexamethyldiailazane or more preferably sHylated in situ with trimethylsiyi triflate in a compatible organic 
solvent such as dichloromethane containing a hindered base, preferably 2,4,6-coJlidine. 

A Lewis acid, preferably one derived from the compounds of formula (III), more preferably kxJotrimethylsh 
tane, is then added to give cis nucleoside in a highly diastereoeeJective manner. The pure oa- nucleoside is 
obtained by trituration with an appropriate survent such ee ethyl acetate and hexanea. 

The N-acetyt group la hydrolyzed preferably u nder acidic conditions and more preferably with trttluoroacetic 
acid in a compatible organic solvent such as isopropanol, preferably under reflux, to give the deecylated com- 
pounds of formula (XIV). 

Step 4: The optically active de-nudeoside of formula (XIV) Is reduced atoreoepecrficalry with a reducing 
agent preferably sodium borohydride in an appropriate solvent such ae ethanoi to give the compound of for- 
mula (XV). 

In the diastefeoselective processes of this invention, the folowing intermediates are of particular impor- 
tance: 



(id 



*, - ■ <vi) 



(VII) 



^ (V1II> 

x r 



wherein Rj. R4 and L are as defined above; 

cis and trsn>2RHart>oettKwy-Shyc^ytetrahydrofuran; 
as and trefie-2S<afteethoxy-5-hydroxytetranydrefuran; 
cis and tran>2RHMrt>oemoxy-5-acetoxytotrahy(lroturan; 
da and ^na-2S-<art)oethQxy-5-acatoxytatrahydrofuran; 
rS-(N^acetyk^in-1-y»H'R- car ^* c ^ tr ^y <lrofurBn: 

1 'S-(c^toelr»-1 -y1>-4'R-ca rboetfK1,, y t,,trah y droftjran: , ' „ . 

1'R-(5-fluoiocyto8in-1-ylH'S-cart)oethoxytBtrahydrofu and 1'S-{5-fluorocyto8.n-1-y»H S-carboe- 

strahydrofuran; 1 
1'S-(5-fluorocyt 
thoxytetrahydrofuran. 



thoxytetrahydrofuran; and 

1'S-(Muoiocytoain-1.y1H'R-a»rt)o thoxytetrahydrohuan and VR-{5-fluorocytoain-1-ytH R-ca/boe- 
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10 



The following exwnploe ilustrate tti pret nt invention in a manner of which It can be practiced but as 
such, should not be construed as limitations upon the overall scope of the processes of this inv ntion. Except 
where specifically noted, ail [<x] 0 measurements were recorded at ambient temperature. 

Example 1 

R-CARBOETHO)CY-5-OXO-TETRAHYDROFURAN 



55 



To a cold (0°C) stirred solution of 5-oxo-2R-tetrshydrofurancarboxy1lc scid (3 g, 23 mmol), 4-dlmethylamH 
15 nopyrtdlne (141 mg. 0.05 equtvrtenta), and pyridine (3.92 mU 2.1 equivalents) In dlchkwomethane (15 mL) un- 
der an argon atmosphere was added oxalyi chloride (2.11 mU 1.05 equivalents) over a period of 30 minutes. 
The cooling bath waa removed and the reaction mixture waa stirred at room temperature for 10 minutoe. Ethand 
(2.0 mL 1 .5 equivalents) was Introduced and stirring was continued for another 1 hour 40 mlnutee. The reaction 
mixture waa diuted with water and dlchloromethane, followed by stirring for 10 minutae. The resultant mixture 
20 ^ transferred to a separatory funnel. The aqueous phase waa removed and the organic layer was washed 
with 1 M HCI, saturated NaHCO* brine, and then was dried (Na^0 4 ). The solvent was evaporated under re- 
duced pressure and the crude product thus obtained wae subjected to column chromatography (1:1 EtQAo- 
Hexane) to afford 3.23 g of the desired product as a syrup. 'H NMR (CDO,):5 1 .28 (t, 3H. J-7.1 Hz). Z20-2.40 
(m, 1H) f 4.23 (d of q 2H, J=0.9, 7.1 Hz), 4.86-4.96 (m 1H). 

25 

Example 2 

CIS AND rR^A/5-2R-CARBOETHOXY»5-HYDROXYTETRAHYDROFURAN 



35 

A solution of dlalamylborane was prepared by mixing 33 mL of BH, THF (1 M In THF) and 33 mLof 2-methyt- 
2-butene (2 M In THF) at 0°C followed by stirring at 0»C for 75 minutes. To this solution waa introduced 2R- 
cartooethoxy-o^xotetrahyoYofuran dlaaoived In THF (6 mL). The rMultant mature waa allowed to wamalowly 
to rod* temperature over a period of 2.5 hours and then waa stirred for another 1 5 hours. Saturated ammonium 

40 chloriaesolutton waa added, followed by dilution with EtOAc. The above mixture waa stirred for 1 0 minutae 
and then waa transferred to a separatory funnel. The organic phase waa washed successively with saturated 
NH 4 a. brine, and then waa dried (Na,SO«). The solvent waa removed on a rotary evaporator and the crude 
product obtained waa purified by column chromatography (40% EtOAc-Hexanea). The desired products were 
isolated in 70% yield (2.05 g) as a 2:3 mixture of isomer epimeric at C5. Trace amount of the open form isomer 

46 waa also detected ( 1 H NMR). The title compounds displayed the following spectral characteristics: mnmk 
(CDCI*): 8 1.28 (L 2H. J-7.1 Hz). 1.30 <L 1H. J-7.1 Hz). 1.85-2.70 (m. 4H). 2 .59 (d 0.33H. . J-5.5HZ). 2.88 (d. 
0.67H, J-3.1 Hz). 4.1*4.66 (m, 2H), 4.57 (d of d, 0.33H, J-6.4. 8.3 Hz). 4.70 (d of d. 0.87H. J-4.1. 8.7 Hz). 
5.59 (m. 0.33H). 5.74 (m. 0.87H). 

so Example 3 

CIS AND TRANS-2R-CARBOETHOXY-5-ACETOXYTETRAHYDROFIIRAN 



r OAC 
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To • odd (-78 # C) stfrred solution of a 23 module of cia and (nwie-2R-carboethoxy-5- 
hydroxytetrahydrofuran (2.04 g, 12.75 mmol), pyridine (1 24 mL 1.2 equivalents), and 4^imethy1am.nopyridine 
(1 6 mg. 0.01 equivdent) In dlchloromethane (20 mL) was added acetyl chloride (1 .09 mL, 1 .2 equivalents) over 
a period of 5 minute*. Th reeultant mixture was stirred for 10 minute*. The -78*0 cooling bath was then re- 
placed with an Ice-water bath. Stirring was continued for 4.5 hour* whie Ihe bath temperature was alowed to 
warm slowly to room temperature. The reaction mixture was dluted with dicWoromethane and then was trans- 
ferred to a separately funnel The organic layer was washed successively with water, 1 M HO, saturated NaH- 
COj. brine and then was dried (NajSOJ. The solvent was removed on a rotary evaporator and the crude product 
obtained was purified by column chromatography (40% EtOAc-Hexane) to provide 1.757 g of the title com- 
pounds (a 5:4 mixture) as a thick oi. j H NMR (CDCtj); 8 1.28 (t, 1.88H, J«7.1 Hz), 1.29 (t, 1.32H, J*7.1 Hz), 
1 .90-2.30 (m, 3H). 2.30-2.50 (m. 1H). 4.10-4.30 (m, 2H). 4.59 (t, 0.44H, J*&0 Hz), 4.70 (d of d, 0.56H. J*3.2, 
8.9 Hz). 6.33 (d Of d. 0.44H, J»1.1, 3.9 Hz), 6.48 (d, 0.56H. J=4.5 Hz). 

Example 4 

1'S-(N^ACETYLCYTOSI^ 

.NHAC 



To a stinvd suspension of N-4-scstylcytosins (50 mg. 0.298 mmd) In dlchkxoms thane (0.75 mL) contain- 
ing 2.8-lutWine (35 uL, 0.298 mmd) under an argon atmosphere was added trimethyleiryl Wfluoromethaneeul- 
phonats (58 nL 0.298 mmol). The resuldng mixture wee stirred for 15 minutes to give a light suspension. A 
solution of a 5:4 mixture of da-end tran*-2R-<artoethoxy-5^toxytBtrar^ (50 mg. 0.248 mmd) in di- 
chloromethane (1 mL) and iodotrimetnylslane (35 pL. 0.248 mmol) wee sequentially introduced Into the above 
suspension to generate a homoganeoue solution. The reaction was dlowed to proceed at room temperature 
for 1 hour and 40 minutes and then wee quenched with a half-saturated adution of NajSjO* The result ing mix- 
ture was stirred for 5 minutes and then was transferred to s separatory funnd with the aid of more dtahtorome- 
thane. The aqueous phase was removed and the organic layer was washed with saturated Na^O* water, 
brine end then wee dried (NajSO,). The combined aqueous washings were reextracted wih dl<*lcrorn«thane. 
The organic extracts were combined and concentrated under reduced pressure to provide 83 mg of the crude 
product <H NMR analysis of the crude product indicated that a de and trans (4:1) mixture of the expected nu- 
deosidee was generated. The crude product waa dissolved In a minimum amount of chloroform. Addition of a 
3 7 of EtOAchexanee into this sdutton produced a white precipitate which waa collected by auction 

fiitretiSn. Drying d this solid under vacuum afforded 25 mg (32%) of the We compound. JH i NMR (COO,): 5 
1 33 ft 3H. J-7.1 Hz). 1.90-2.08 (m. 1H). 2.08-2.30 (m. 1H). 2.23 (a. 3H), 4.20-4.40 (m. 2H). 4.84 (t. 1H, J-7.2 
Hz). 8.15 (d of d. 1H. J-4.0. 5.9 Hz). 7.48 (d. 1H. >7.5 Hz). 8.34 (br a. 1H). 8.82 (d. 1 H. J-7.5 Hz). 

The washing waa concentrated to give 58 mg of e ds and (mm mixture (5:2) of the title compound and ita 



ExamdeS 

ft-L-2'.3'-DIPEOXYCYTtOINE 



A mixture of VS-(N-4.ac«tylcytodn-1-yiKR-«^«^ x y^^ fa,OT (4 ° 0,158 C ° ntaln * 
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ca. 4% of the correspond** 1'R isomer) and trttluoroacetic add (24 \iL 2 equivalents) In ethand (1 mL) waa 
refluxed under an argon atmosphere for 2 hours and 40 minutes. The resultant mixture constating of VS-(cy- 
tosine-l-ylM'R-cartxtttnox^^ trKj »* v •Ptoer *•* cod^ to room tampefature and then waa 

diluted with ethano! (0.5 mL). Sodium borohydride (18 mg, 3 equrval nts) was infroduced and the reaction mix- 
ture was stored tor 1.5 hours. More reducing agent (6 mg) waa added and stirring was continued for another 
1 hour 20 minutes. The reaction waa quenched by the addition of 2 drops of concentrated ammonium hydroxide 
followed by rigorous stirring for 15 minutes. The solvent was evaporated under reduced pressure and the crude 
product obtained was subjected to column chromatography (30% MeOH-EtOAc) to provide 28 mg (84%) of 
the title compound. The 'H NMR spectrum of this material indicated the presence of ca. 3% of the corresponding 
1 'R isomer. This material was dissolved in a minimum amount of methanol. Addition of diethyl ether to this sol- 
ution generated 20 mg (60%) of the tide compound as a crystalline white precipitate free of the 1'R isomer ('H 
NMR). The title compound displayed the following spectral characteristics: 'H NMR (CDjOD):* 1.60-2.00 (m, 
3H), 2.25-2.43 (m. 1H). 3.59 (d of d. 1H. J*4.1. 12.2 Hi). 3.78 (d of d. 1H. J»3.1. 12.2 Hz). 4.00-4.12 (m. 1H). 
5.78 (d, 1H, J=7.4 Hz). 5.92 (d of d, 1H, J«3.1. 8.7 Hz). 8.02 (d. 1H. J-7.5 Hz). 



Example 6 

1 'R-(5-FLUOROCYTOSIN-1 -YLM'S-CARBOETHOXYTETRAHYDROFIIRAN AND rS-(S-FLUOROCYTO- 
Slf^l-YLM'S-CARBOETHOXYTETRAHYDROFURAN 



ElO,C 4 




To a etlrred suspension of 6-fluorocytosine (192 mg. 1 ,49 mmol) in dlchloromethene (2 mL) containing 2,6- 
tubdine (346 uL 2.98 mmol) under an argon atmosphere was added t-butyWImethytailyl trrfluoromethsnesul- 
phonate 678 \>L 2.98 mmol). The resulting mbctjre waa stirred for 15 minutes to give a homogeneous solution. 
A solution of a 2:1 mixture of 2S-carboethoxy-5R-a<^xytetn^ end 2S-<»rboetrwxy-5S-acetoxyte. 

trahydrofuran (250 mg. 1 .24 mmol) In dlcWoromethane (2 mL) and lodotrtmethylalane (1 76 nU 1 .24 mmol) wee 
sequentially introduced Into the above solution. The reaction waa allowed to proceed at room temperature for 
1 hour and 30 minutes and then wee quenched with a harf-aatoratod solution of Ne^O* The resulting mixture 
was stined for 5 minutes and then wee transferred to a separately runnel. The aqueous phase waa removed 
and the organic layer waa washed with saturated NaAO* water, brine and then wee dried (NejSOJ. The ad- 
vent waa removed under reduced pressure to provide the crude product which was subjected to column chro- 
matography (15% MeOH-EtOAc) to afford 1 99 mg (59%) of the title compounds aa a mixture [7:1 (1'R,4'S):(1'S. 
4'S)JV *H NMR). The product displayed the following spectral chaiwaerietice: *H NMR (CDCI3): 5 1.15-1.40 
(2 overlapping t 3H). 1.90-2.15 (m, 2H). 2.25-2.55 (m. 2H). 4.1 *4.35 (m. 2H). 4.54 (m. 0.87 Hz). 4*2 (d of d, 
0.13H, J-4.4. 8.0 Hz). 5.70*80 (unreserved m. 1H), 6.09 (m. 1H). 7.40 (d. 0.13H. J-8.7 Hz). 7.90-8.60 (un- 
resolved m. 1H). 8.48 (d. 0.87H, J-8.7 Hz). 

Example 7 

i'S-(5^uorocytosin-i-^^ ™ D iggfUjogggg9: 

SIN-1-Y\M'R'CARBOeTHOXYTETFAHYDROFURAN 



To a stirred suspension of S-tluorocytosrne (38 mg. 0.297 mmol) In dlcWoromethane (1 mL) containing 2.6- 
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lutidin (69 0.594 nwnol) under an argon atmosphere waa addad t-butyldlm thylsilyf trtfluoromethaneeul- 
phonate (1 37 mL. 0.594 rm>d). The resulting mixture waa stirred for 1 5 minutea to give a homogeneoue aolutton. 
A solution of a 5:4 mixture of 2R-Kartoethoxy-5S-acetoxytetjahydrofufan and 2R-carboethoxy-5R-acetoxyte- 
trahydrofuran (50 mg, 0.248 mmol) in dichloromethan (1 mL) and todotrimethyiaiane (35 *iL, 0.248 mmd) waa 

5 sequentially Introduced «to the above solution. The reaction waa allowed to proceed at room temperature for 
1 hour and 45 minutes and then waa quenched with a half-saturated solution of NajSaOj. The resulting mixture 
waa stirred for 5 minutes and then waa transferred to a separator/ funnel. The aqueous phaae was removed 
and the organic layer waa waahed with saturated Na^S^O,. water, brine and then waa dried (Na^SO*). The sol- 
vent waa removed under reduced pressure to provide the crude product which waa subjected to column chro- 

10 matography (15% MeOH-EtOAc) to afford 52 mg (77%) of the tide compounda as a 1 1 ;2 [(1 'R,4'R):(1 'S.4'R)] 
mixture ('H NMR). The product displayed the following spectral dwacterietice: 'H NMR (CDCI,):6 1.15-1.40 
(2 overlapping t. 3H), 1.90-2.10 (m. 2H), Z25-2.60 (m, 2H), 4.15-4.35 (m, 2H), 4.57 (m. 0.85 Hz), 4.84 (d of d, 
0.15H, J=4.2, 7.8 Hz), 5.50-6.30 (unreaolved m t 1H), 6.09 (m. 1H). 7.43 (d. 0.15H, J»6.7 Hz). 7.50-9.00 (un- 
resolved m. 1 H), 8.56 (d. 0.85H, J=6.7 Hz). 

19 

Example 8 

P-L-<5-FLUOROV2 , .3 > -DIDEOXYCYTIDINE 



23 



XT 



To a cold (0°C) stored suspension of 1'R^5-fluoro<^ln-1-yiH'R^^tt»^ rt Mrofiirsn and I'S- 

(5-fluorocytosiiv1-yiH'R-<»^» hOJ ^^ P 07 1 ' 133 mmi ' a 4:1 < 1,R « 4 ' R W rS ' 4 ' R > mWum 

» of the isomers] in 4 mL of ethsnol waa added sodium borohydride (88 mg, 2 equivalents). The resultant mixture 
was stored for 5 minutes and the cooling bath waa removed. Storing waa continued for 76 minutea at room 
temperature. The reaction waa quenched by the addition of4drope of concentrated ammonium hydnwide. Aftar 
the mixture had been stored for 16 minutea, the solvent was removed under reduced pressors and the crude 
product was subjected to column chromatography (28% MeOH-EtOAc) to provide 1 97 mg (76%) of the expect- 
35 ed 4'-hydroxymethyl products ea a 4:1 mixture. One of Ihefrsctlons collected wee found to contain the title com- 
pound in 97% purity ('H NMR). This fraction waa concentrated to give 14 mg of e light beige coloured loam. 
UV (X«J: 282.7. 238.4. 208.7 ran (MeOH); [afc^r (C 0.7 MeOH); 'H NMR (COjOD): * 1.77-1.90 (m. 2H). 
1.90-2.03 (m. 1H). 2^.42 (m. 1H). 3.81 (d of d. 1H. J-3.3. 1*3 Hz). 3.82 (d of d. 1H. J-2J. 12.3 Hz). 4.08 
(m. 1 H). .5 .87 (m, 1H). 8.32 (d, 1H. J-7.0 Hz). 

40 ^ 

Example 9 

p-0-(6-FLUORO)-2 , .3'-DI0EOXYCT*nDINE 

To a cold (0-C) stirred suspension of l'"-^"*^^ 1 ^'**^^^ 
(S-fluorecyto^l-yiM'S-cartrcemo^ [199 mg. 0.734 mmoi. a W(WJ« S^4S mUtora 
ss f the isomers] in 3 mL of ethsnoi waa added sodium borohydrlde (56 mg. 2 stents), ^'^t^ 
waa stored for 5 minute, and th cooling bath was removed. Storing was continued ov^*ht (c^8 hours) 
et room temperature. The reaction wae quenched by the addition of 4 drops of ^cer^ar^xm^ 
droxide. After the mixture has been stored for 15 minutea. th solvent was removed under reduced pressure 
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and the crude product was subjected to column chromatography (20% MEOH-EtOAc) to provide 1 12 mg (67%) 
of the expected 4'-hydroxymethy« producta aa a 7:1 (VMIWI'M'S) mixture ( 1 H NMR). One of the fractions 
collected was found to contain th title compound only (H NMR). This fraction was concentrated in vacuo to 
give 27 mg of a white foam; UV (X^: 283.6. 238.2. 202.4 nm (MeOH); Mo+9* (a 0.7 MeOH); 'H NMR 

5 (00,00): 5 1.77-1.90 (m. 2H). 1.90-2.03 (m. 1H) t 2.25-2.42 <m. 1H). 3.61 (d of d. IK J*3.3. 12.3 Hz). 3.82 (d 
of d. 1H, J-2.8. 12.3 Hz), 4.06 (m, 1H). 5.87 (m. 1H), 8.32 (d, 1H, J»7.0 Hz). 

While we have presented a number of embodiments of our invention, many alternatives, modifications and 
variations of (hese embodiments wHI be apparent to those of ordinary sfcil in the art Therefore. It will be ap- 
preciated that the scope of this invention ta to be defined by the following daima, rather than the specific sx- 

10 amples presented above. 



Claims 

16 1. A diastereoselectrve process for producing optically active ds-nudeoeides and nudeoside analogues and 
derivatives of formula (I) 



(i) 



R, la hydrogen or acyi; 

R 2 is a desired purine or pyrimidlne base or an analogue or derivative thereof 
W le S. 3»0. or SO» O. NZ. or CHi 

X is O, 3. S-O. or SO> O, NZ, CH„ CHF, CH. CHN,, or CHOH; 
Y Is O, S, CHj, CH, CHF, or CHOH; and 
Z Is hydrogen, hydroxy!, alkyl or acyl; 

provided that Wie not O, S, S-O or SO» when Y Is CH, and X Is 0. 8, S-0 or SO* 
the process comprising the step of glycosylstlng the desired purine or pyrtmWIne base or analogue or der- 
ivative thereof with a .ingle enanbomer of the compound of formule (II) 



X 



(II) 



R, is a substituted carbonyl or carbonyl derivative; and 
Lis a leaving group, 
using a Lewie acid of the formula (III) 

R 6 
I 

Rj - Si - R, (III) 



Rfc R, and R, are independ ntly selected from the group consisting of hydrogen; C,.* alkyl option- 
ally substituted by fluoro. bromo, chloro. iodo, C« alkoxy or aryloxy; C » aralkyi optionally substi- 
tuted by halogen. C* alkyl or C,.» alkoxy. C«o aryl optionally substHuted by fluoro, bromo. chloro, .odo. 
C,-» alkyl or C,.» alkoxy; WalkylaHyl; fluoro; bromo; chloro and iodo; and 
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R, is selected from the group consisting of fluoro; bromo; chloro; iodo; C^* sulphonate stsrs, op- 
tionally substituted by fluoro, bromo. chloro or Iodo; C,.* alky* esters optionally substituted by fluoro, bro- 
mo, crtoro or iodo; polyvalent halldee; tnsubetituted aMyf groups of the general formula (R«)(R«XR7)SI 
(wherein R* R* and R 7 are as defined above); saturated or unsaturated selen nyl <V» aryl; substituted 
or unsubstituted C«o aryiedfenyl; substituted or unsubstituted Ce-» alkoxyalkyl; and triaJkyisiloxy. 

The process according to claim 1. farther comprising the step of reducing Rj of the glycosylated purine 
or pyrimidine base or analogue or derivative therof to produce the optically active ^nucleoside or nucleo- 
side analogue or derivative of formula (I). 

The process according to claim 1. farther comprising the step of resolving the compound of formula (II) 
into a single enantiomer using a chiral auxiliary before glycosylating the desired purine or pyrimidine base. 



4. The process according to any one of claims 1 to 3, wherein R 2 is a pyrimidine 

5. The process according to claim 4 f wherein the pyrimidine base is cytosine. 

6. The process according to daim 4, wherein the pyrimidine base is 5-fluorocytosine. 

7. The process according to any one of daims 1 to 3. wherein the Lewie acid Is selected from the group corv 
20 sisting of trimethylsUyl trfflate and todofcrimethyislane. 

t. The process according to daim 3, wherein the chiral auxiiary is selected from the group consisting of (d>- 
menthol and (IHnenthd. 

26 9. The process according to sny one of daJma 1 to 3, wherein Rj is selected from the group consisting of 
alkoxycarbonyts, carboxyta, diethyl carboxamide, pyrrolidine amide, methyl ketone and phenyl ketone. 

1 o. The process according to daim 9, wherein the R, is selected from the group consisting of alkoxycarbonyts 
and carboxyta. 

11. An intermediate of formula (II) 



■"""Or 



(id 



wherein 

V . W is O. S. S-O. SO* NZ, orCH* 

X is O t S, S-O, SO* NZ, CH, CHF, CH. CHN* or CHOH; 
Y is O, S, CH* CH. CHF. or CHOH; 

Z is hydrogen, hydroxy!, alky or acyl; provided that when Y is CH 2 and X is O. S. S-O or SO* W 
is not 0, 3, S-O or SO* 

R3 Is a substituted cartoomrt or cartwnyl derivative; and 
Lisa leaving group. 



12. An intermediate of formula (VI) 

(VI) 



wherein 

W is O, S, S=0. SO2, NZ, or CH* 

X is O. S. S-O. SO* NZ, CH* CHF. CH, CHN* or CHOH; 
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Y is O, S. CH* CH. CHF. or CHOH; 

2 is hydrog n, hydroxyl, alkyt or acyl; provided that whan Y to CH 2 and X ia 0, S. 3=0 or S0 2 , W 
is not O, S, S=0 or SO** 

Rj ia a substituted cartonyt or caibonyt derivative; 
R4 ia a chiral auxiliary; and 
L is a leaving group. 

13. An intermedtote of formula (VII) 



(VII) 



wharain 

W ia 0, S. S-O. SO* NZ, or CH*; 

X ia O. S. S=O t SO* NZ, CHj CHF, CH. CHN* or CHOH; 

Y ia O, S, CH* CH. CHF. or CHOH; 

Z ia hydrogen, hydroxy, alkyi or acyl; provided that when Y to CH 2 and X is 0. S, S-O or SO* W 
IsnotO.S, S-O or SO* 

R 2 is a purine or pyrirnfcfina beee or an analogue or derivative thereof, 
R, is a substituted cartonyt or carbonyi derivative; and 
R4 is a chiral auxiliary. 

14. An intermediate of formula (VIII) 

(VIII) 



wherein 

W ia O, S, S-O, SO* NZ, or CH*' 

X to O, S, S-O, SO* NZ, CHj CHF, CH, CHN* or CHOH; 

YlaO.S,CH*CH.CHF,orCHOH; 

Z is hydrogen, hydroxyl. eJkyl or acyl; provided that when Y to CH a and X to O, S. S-O or SO* VV 

' is not O.S. S-O or SO* 

V . r 2 is a purine or pyrtrnktina base or an analogue or derivative thereof, and 
R 3 is a substituted carbonyi or cartonyt derivative. 

15. An Intermedials selected from the group constating of. 
cis and tnw2R^»boetrwxy- Wiyd^ 
cis and fmne-2S^art«ethoxy-5-hydroxytetra 
cis and fjra/»-2R-<»rboethox^ 
da and tmna-2S-cartc«tJK)xy-5.acetoxytatrahydro 
1 'S^N^acetytaytoain.1-ylH'R-cartceu^ 
1 'S^cytoain-l-ylH^^^^^^^^^ 

VR.(5-fluc«cytoain.1-ylH'S-c8Jtoem and 1'S^5-fluorocytoain-1-ylH'>^«^ 

boethoxytetrahydrofuran; and Ata 

VSK5-fluoro<^!n-1-y1M'*-<^^ and VR-^nwocyto^^^H 

boethoxytetrahydrofuran. 
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